Sensitivity of the FAO Penman-Monteith (FPM) potential evapotranspiration (PET) model under tropical climates has been studied in the present study. A total of 17 meteorological stations covering Peninsular Malaysia starting from 1987-2003 were used as model inputs. A sensitivity analysis (SA) was carried out using the graphical method for temperature, wind speed and solar radiation within the possible range of ±20% with increments of 5%. From the comparison done on the sensitivity of PET to climatic change, the Kuala Krai station gave the highest percentage change in terms of temperature (±6%). The highest percentage change for wind speed (±2%) and solar radiation (±17%) were shown at the Alor Setar and Kuala Krai stations, respectively. The Alor Setar station had the lowest percentage change for temperature (±0.3%) and solar radiation (±9.9). The lowest percentage change of wind speed (± 0.2%) was observed at the Kuala Krai station. PET percentage changes have a positive correlation to the percentage change of all climatic variables except for the Cameron Highlands station. Results revealed that solar radiation has the most significant effect on PET (±14%), followed by temperature (±4%) and wind speed (±1%). Taken together, these results suggest that solar radiation plays an important role in estimating PET in Peninsular Malaysia.
INTRODUCTION
The hydrological cycle is an important process as it maintains surface water availability for human beings as well as to habitats. As part of the elements in the hydrological cycle, evapotranspiration (ET) plays a major role in irrigation and domestic water supply planning systems. Potential evapotranspiration (PET) is the amount of water loss under a given climate with vegetation covering the ground continuously [1] and without considering the crop's characteristics and soil factor [2] . The challenge faced in water resources management in this century is to adapt to the increasing water demand due to climate change [3, 4] . Climate change has influenced the pattern of ET which in turn has affected precipitation [3] . An increase of 0.85°C in land and ocean surface temperatures per decade over the period of 1880 to 2012 [5] had caused significant impact on the environment and human lifestyle. Hence, studies on the impact of climate change towards irrigation [6, 7] , water resources management [8] , public health [9] , and food supplies [10] have been conducted ever since.
The SA method is used to determine the most appealing input suitable to the output of a certain model [11, 12] . There are three types of SA; mathematical, statistical and graphical methods. In this study, the graphical method is used. Through SA, a better understanding on the relationship between climatic conditions and PET variability can be known [13, 14] . The significance of SA is to obtain a better view on which climatic parameters control changes in PET. However, PET's theoretical sensitivity results do not consider the actual changes in climatic parameters [15] . PET studies in Malaysia have been conducted mainly to determine the most suitable models to be used on corresponding study areas, such as on the Muda Irrigation Scheme [16, 17] and Seberang Perak [18] . The most recent ET sensitivity analysis was conducted on [15] 15 stations located in an arid climatic zone in the Heihe River Basin, China. The study concluded that temperature and solar radiation affect the most in the upper region, while solar radiation and wind speed play major roles in the lower region. [19] conducted a study in four different climates and found that the humid climate is sensitive to sunshine hours. Both cold and warm semi-arid climates are influenced by wind speed. As for the arid climate, wind speed and temperature play a significant effect on ET. According to [20] ,wind speed and relative humidity are not important climatic parameters for the Mediterranean climate. A study by [21] on the semi-arid climate located in North China found that temperature and sunshine hours have a significant effect on ET. Similar results were obtained by [22] who also concluded that temperature is a key factor for changes in ET. [23] found that under the arid climate at Rajasthan, India, temperature affects ET more. The wind speed variable has more influence on semi-arid regions than any other climatic variables [19, 24] . [25] stated that solar radiation plays a significant effect towards ET in humid climates as it supplies most of the energy required to change water to vapor. The results may vary depending on the study area although it has been classified under the same climate category. All of the studies mentioned use FPM as their observed model in conducting SA analysis. In this study, a sensitivity analysis was done using the graphical method by taking the FPM model as an observation model following literature from [19, 23] .
There is no standard model to be used to compute a sensitivity analysis. The selection of ET model depends on a region's data availability. However, most studies use the FPM model because it does consider all climatic variables that influence ET [26] . Although there are other simpler PET models, the results may not be as reliable than the ones which take other climatic parameters into consideration [25] . Hence, researchers are more comfortable to use the FPM model for SA purposes [13, 27, 28, 29] .
The aims of this study are to obtain the most influential PET climatic variable in Peninsular Malaysia using the FPM model and evaluate the climatic variables that have significant impact towards PET corresponding to the climate change that can provide a better water management supply. The finding from this paper can help in formulating a simpler ET model that can be used for Malaysia's climate.
METHODOLOGY

Study Area and Climate Data
Peninsular Malaysia is located at longitude 1°and 7°N and between latitude 100° to 120°E,with a total area of 132000km 2 [30] . Malaysia is dominated by the hot and humid climate and receives an annual rainfall of approximately 1400mm [30] . Two main monsoons happen in Malaysia every year, which are the Southwest Monsoon from late May to September and the Northeast Monsoon from November to March.
The Malaysia Meteorological Department (MMD) has provided datasets from 17 major meteorological stations ( Figure 1 ) consisting of daily data observations of maximum, minimum and mean air temperature, wind speed measured at 10m height, relative humidity and daily sunshine energy for the period starting from 1 January 1985 till 31 December 2003. Figure 1 shows the map of Peninsular Malaysia with the 17 meteorological stations used in this study. The stations were selected based on the availability of data needed for the analysis. 
Pre-Processing Data
Outlier detection and data imputation are the processes involved in this stage. According to [31] in [32] , approximately 40% of data is 'dirty' in one way or another. Hence, the outlier detection is used to eliminate any outrageous values that might disturb the final result, and to enhance data reliability. Help from useful and powerful tools that automatically assist in eliminating outliers are necessary as it reduces the time consumed and tendency for error if done manually. The SPSS software was used as an aid in eliminating outliers and in the data imputation process. For the purpose of this study, the Tukey's boxplot outlier detection method and expectationmaximization (EM) method were used to remove outliers and impute data respectively. The Tukey's boxplot method is well-known due to its simplicity in displaying information on continuous univariate data. The concept of this method is to eliminate the values that lie outside the inner fence that has been detected as outliers. This new set of data is assumed to be a missing-at-random (MAR) dataset. As suggested by [33] , regression and multiple imputation methods are applicable for the MAR dataset and as guided in Table 1 , the EM method is used to predict the missing value dataset. This method provides excellent parameter estimates [34] . The EM method comprises of the E step and M step. The Estep finds the conditional expectation of the missing data for both observed values and current estimates of the variables. These expectations then substitute with the missing data. In the M-step, maximum likelihood estimates of the parameters are computed as though the missing data had been filled in.
FPM is a physically-based model that takes all climatic variables into the calculation. The FPM for calculating PET is [35] 
where PET is the potential evapotranpiration (mm/day), Rn is the net radiation (MJ/m 2 /day), G is the soil heat flux (MJ/m 2 /day), γ is the psychrometric constant (kPa/°C), es is the saturation vapor pressure (kPa), ea is the actual vapor pressure (kPa), Δ is the slope of the saturation vapor pressure-temperature curve (kPa/°C), TA is the average daily air temperature (°C) and u2 is the average daily wind speed at 2m height (m/s). Therefore, grass height and bulk canopy resistance were assumed to be 0.12m and 70m/s respectively. The measured daily wind speed at the meteorological station obtained for this study was recorded at 10m height and the corrections were applied to determine its values at 2m height as according to the equation; 
where uz is the measured wind speed at z m above the ground surface (m/s) and z is the height of measurement above the ground surface (m). 
where P is the atmospheric pressure (kPa). The computation of all required data for the calculation followed the method and procedure in Chapter 3 of the FAO paper 56 [35] . The sensitivity of daily ET at each station was quantified with respect to air temperature, wind speed and solar radiation by making a ±20% (-20%, -15%, -10%, -5%, +5%, +10%, +15%, +20%) change in each variable while assuming other variables were fixed. The increment percentage is based on other literature review used by other workers [19, 23] . The base PET values were calculated without any changes in climatic variables. Then, each of the climatic variables was increased and decreased individually forming a new dataset of PET for each meteorological station. 
RESULTS AND DISCUSSION
Daily PET was calculated using the FPM model and analysed for its sensitivity by varying the climatic variables. Table 1 represents the minimum, maximum, mean and standard deviation for the climatic variables used in this study. Figure 2 . The highest mean PET value recorded was 5.17mm/month in March at the Alor Setar station, while the lowest mean PET value was 2.26mm/month in December at the Cameron Highlands station.
The amount of percent change in PET with respect to change in climatic variables is given in Table 3 and illustrated in Figure 3 for all 17 stations around Peninsular Malaysia. Solar radiation shows the most significant effect on the percent change of PET at all stations. Temperature is the second best influential climatic variable at all stations except at the Alor Setar and Temerloh stations where temperature is the least influential climatic variable on PET change since these two stations have similar climatic data. Wind speed shows the least effects towards PET. Results obtained indicate that with 5%, 10%, 15%, and 20% solar radiation increases, the PET increased by 4%, 7.2%, 10.8% and 14.4% respectively. The decrease in solar radiation shows similar negative percentage as the increasing percentage. The percentage change of wind speed shows a significant change towards PET. Decreases in wind speed by 5%, 10%, 15%, 20% decreased PET by 0.23, 0.46, 0.69 and 0.93 respectively. The change in PET increases with the percentage of climatic variable for wind speed at all stations except for the Cameroon Highlands station which showed otherwise. This may be due to the analysis which used a default value of a=0.25 and b=0.5 as recommended. However, [36] stressed that these values should not be used for high elevation regions. A further calibration study of these two values can be done. The percentage of relative humidity at Cameron Highlands is the highest and this may also affect the percentage of PET. High relative humidity causes the air to be in a saturated state. Hence, the air can no longer contain the evaporated air molecules [23] .
CONCLUSION
The PET sensitivity analysis in Peninsular Malaysia was conducted using data from 17 meteorological stations around Peninsular Malaysia from the year 1987 till 2003. The climatic variables tested by using FPM are temperature, wind speed and solar radiation. The result indicates that solar radiation has caused more effect on PET, followed by temperature and wind speed. With the change of ±20% in solar radiation, the PET values had varied ±14%. With respect to the ±20% of air temperature, the change in PET was more than ±4%, while the change of ±20% in wind speed had caused a mere±1% change in PET. While the climatic variables at all stations revealed a positive correlation to the increase in all climatic variables, the wind speed at the Cameron Highlands station showed a negative correlation.
The PET sensitivity analysis conducted in this study can be useful in formulating a simpler ET equation derived from FPM. For a developing country like Malaysia, sensitivity analysis can still be considered as lacking. Information gathered in this study can help in managing both domestic and agricultural water supply. 
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